Abstract
Introduction

42
The human visual system comprises a large field of view with only a small and central 43 region, the fovea, ensuring high visual acuity. In contrast to foveal vision, visual acuity in the 44 periphery is comparatively poor. As a consequence, the fovea has to be oriented towards objects 45 of interest to obtain detailed visual information. This is achieved by fast eye movements called reward magnitude × reward probability) of a saccade target, and this correlation was stronger 58 than a correlation with reward magnitude or reward probability only. In total, latencies to targets 59 with high expected value were reduced by approximately 40 ms compared to non-rewarded 60 targets. Milstein and Dorris (2007) concluded that expected motivational value is represented 61 in oculomotor areas and incorporated in the preparation of saccades. However, it can be argued 62 that receiving a monetary reward for an eye movement is an artificial scenario, as eye 63 movements naturally do not provide rewards, they provide visual information about our 64 environment.
65
The same benefit in eye movement latency of close to 40 ms and increased peak 66 velocities can be observed when saccades are initiated in order to obtain information for a perceptual task (task-related saccade) compared to saccades which are merely elicited to fixate system has information about its own sensitivity across the retina and optimizes information 89 gain given its own constraints. However, these studies manipulated informational value 90 indirectly and did not directly test whether the expected informational value is used in saccade 91 preparation.
92
The aim of the current study was to investigate whether saccade latencies are modulated 93 by the task-relevant information that can be obtained by saccade execution. This would suggest 94 that there is a representation of informational value, which can be used for the preparation of 95 saccades. Moreover, it could explain the differences between mere target-elicited saccades and 96 task-related saccades which are executed in order to sample task-relevant information. We 97 define informational value, , as the combination of information gain, , and the 98 probability that this information is task relevant, :
with the gain in information for a saccade being the ratio between post-saccadic foveal and pre-101 saccadic peripheral visibility: correctly identifying a target, ℎ , can be computed using:
198 where is the probability of detecting the peripheral and is the probability of detecting 199 the foveal target. Both, and , can either correspond to or to . Eye movement analysis.
242
Saccades were detected using the EyeLink 1000 algorithm. Latencies were defined as 243 the first saccadic sample with respect to target onset. To obtain peak velocities, we took the 244 maximum of the differentiated eye position signals. In the perceptual saccade task, we removed 245 trials with latencies below 100 ms and above 400 ms. This applied to 569 trials (4.5%).
Latencies below 100 ms are likely to be caused by anticipation and not in response to the target,
247
whereas with a latency above 400 ms no foveal vision was provided as targets were presented 248 for 450 ms. Removed trials were equally balanced across conditions. We additionally discarded 
256
Results
257
The effect of a perceptual task.
258
In the saccade only task, the average saccade latency was 226 ms (SD = 16 ms) and for decreasing latency differences and increasing peak velocity differences over the duration of 284 the experiment ( Figure S1 ).
[INSERT FIGURE 2 HERE]
286
The effect of peripheral and foveal discriminability.
287
We entered saccade latencies from the perceptual saccade task (Fig 3A) in a 2x2
288
ANOVA with the factors foveal and peripheral discriminability, both with the levels above and observed (all F < 1).
[INSERT FIGURE 3 HERE]
297
One possible explanation for the absence of a noteworthy latency modulation would be 298 that our manipulation of target discriminability did not affect perception in the first place. To 299 test that our manipulation of target discriminability was indeed successful, we compared 300 performance across the different contrast conditions (Fig 3B) . As predicted by equation (3) 
347
The independent manipulation of peripheral and foveal discriminability in our 348 experiment also changed how much information observers gathered by executing a saccade. were considered for the analysis had a mean age of 21 years (range: 18-24, 7 female, 1 male).
378
The setup was identical to the previous experiment. We measured saccade latencies to 379 peripherally appearing plaid stimuli in an above to below (A-B) and a below to above (B-A) 380 threshold condition. Again, the contrast of both gratings added up to 0.4 and the vertical contrast 381 was set to the average values derived from Experiment 1 (Fig 1B) . Specifically, in the A-B independently manipulated these two factors to obtain targets with different expected values.
416
Saccade latencies correlated with both, reward magnitude and probability but best with 417 expected value, the combination of the two. In Experiment 1 and 2 we have shown that saccade 418 latencies did not depend on the gain in information (in contrast to reward magnitude). In all our 419 perceptual task conditions, the probability of a perceptual task was always unity. Thus, the 420 informational value was identical to the gain in information. In this experiment, we want to test 421 whether the second factor in equation 1, task probability, affects saccade preparation and yields 422 a linear relationship with saccade latencies.
423
Methods
We recorded data from eight observer, the same observers who also completed one fixed probability that observer had to respond. Task probabilities were 0, 0.25, 0.5 and 1.
435
Again, we discarded trials with too early (< 100 ms) or too late (> 400 ms) saccades. This 436 applied to 255 trials (9.1 %).
437
Results
438
For every observer in every probability condition, we computed the average latency that observer did not represent the probabilities as they were set, but in a bias towards the mean.
460
Thus, they might have expected a perceptual task even in the zero probability condition and 461 they might have expected the absence of a perceptual task even in the 100% condition.
462
Experiment 4: The perceptual task effect is spatially specific 463 In Experiment 3, we found that the facilitation due to a perceptual task is modulated by 464 task probability. Because task probability within one block was the same for both hemifields,
465
we do not yet know whether this facilitation is spatially selective or caused by global arousal.
466
If the facilitation was not spatially selective, it could explain the absence of a noteworthy 467 latency modulation in Experiment 1. In Experiment 1, we always tested two conditions of 468 different information gains against each other, one assigned to each hemifield. As a 469 consequence, differences might have averaged out. In this experiment, we aim to show that our 470 results are not affected by global arousal but that the perceptual task effect is spatially specific.
471
Methods
472
Participants were five undergraduate students from Giessen University (mean age: 26, Here, we have tested whether the effects of a perceptual task are spatially specific. We So far, we have shown that the perceptual task effect is modulated by the probability of 506 a perceptual task and that the facilitation is spatially specific. Thus, it might either be caused by 507 the requirement to foveate task-relevant information and process it with high acuity or by a 508 general motivation to solve perceptual tasks. In the latter case, shorter latencies should also be 509 observed when the perceptual task is in any modality other than the visual one.
510
In this experiment, we tested whether saccade latencies are also affected by the presence 511 of an auditory task. Participants saccaded to plaid stimuli and either had to discriminate tones to Experiment 1. We discarded 349 out of 3200 trials due to too short (< 100 ms) or too long 543 (> 400 ms) latencies. This corresponds to 10.9 % of trials.
544
On average, observers correctly identified the tones in 86.9 % of trials (SD = 4.6 %, 
Discussion
568
Here we asked whether the perceptual task effect is restricted to the fovealization of 569 visual information or whether it is caused by the motivation to solve a task and therefore also 570 appears with a task in any other than the visual modality. Contrary to the visual modality
571
(Experiment 1), we found no evidence for shorter latencies when participants had to 572 discriminate tones that were either played simultaneously with the saccade target or upon 573 fovealization of the saccade target. We conclude that the perceptual task effect is a pure visual 574 phenomenon and thus that shorter saccade latencies are only observed when task-relevant 575 information has to be processed with the fovea.
576
General discussion would be consistent with the absence of a peak velocity difference.
639
The effect of higher peak velocities with a perceptual task at hand vanished when However, their conditions did not only differ by the presence of the discrimination task but also 644 by urgency, caused by the early and short presentation of the discrimination target. These 645 divergent findings might point to the fact that saccade latency and peak velocity can be 646 manipulated independently with peak velocity being more sensitive to changes in urgency. An 647 alternative explanation would be that the oculomotor system adjusts latency and peak velocity 648 sequentially to achieve an earlier fovealization. In a first step, the oculomotor system might 649 reduce response thresholds in order to achieve earlier latencies (Reddi & Carpenter, 2000) and 650 only then in a second step adjust the motor command to achieve a higher velocity and thus trial. However, differences between task-related and mere target-elicited saccades remain even 665 when feedback is controlled for (Bieg et al., 2012) . Moreover, when the motivation to solve a 666 task was the only driving cause for this facilitation, then it should also be observed when the 667 discrimination task is in any than the visual modality. However, this is not the case. In our last 668 experiment (Experiment 5), we found no differences in saccade latencies when people had to 669 discriminate auditory rather than visual information. This argues against sheer motivation as 670 the only driving cause of this facilitation.
671
From our series of experiments, we conclude that the nature of this facilitation is not per 672 se the motivation to solve a task but the motivation to foveate task-relevant visual information 673 for further processing. Due to the lifelong and overlearned experience that the fovea is the best 674 retinal locus to solve a discrimination task, this earlier fovealization will occur irrespective of 675 whether it is useful or not. 
690
Black circles are averaged data with 95% confidence intervals. Diagonal error bars mark the 691 error of the differences between the two conditions and have to be compared to the identity line.
692
Open circles denote data from individual observers. 
